Downregulation of the CCR5 beta-chemokine receptor and inhibition of HIV-1 infection by stable VA1-ribozyme chimeric transcripts.
The CCR5 beta-chemokine receptor is the coreceptor for macrophage-tropic (M-tropic) strains of HIV-1 and appears to be the principal coreceptor during early stages of human immunodeficiency virus-1 (HIV-1) infection. Approximately 1%-2% of the Western European Caucasian population is homozygous for a 32-bp deletion in the coding region of the CCR5 gene, rendering them less susceptible to HIV infection. These individuals still harbor a normal immune response, thereby making CCR5 an attractive cellular target for anti-HIV therapies. Based on the natural population studies, reduction in CCR5 expression should not affect the physiologic function of the modified cells but should interfere with their susceptibility to HIV-1 infection. To downregulate this receptor, we have designed a hammerhead ribozyme (RZ) that specifically targets the CCR5 mRNA and lacks complementarity to other members of the chemokine receptor gene family. For expression of this highly specific ribozyme, we have taken advantage of the stable transcripts afforded by transcription from the RNA polymerase III (pol III)-based adenoviral VA1 gene. Importantly, the VA1-chimeric ribozyme is stably expressed with a half-life of almost 6 hours. Using this expression system, we show up to 70% downregulation of the elevated levels of CCR5 receptor in the HOS-CD4.CCR5 cell line. The monocytic cell line PM1 was stably transduced with the chimeric VA1 ribozyme constructs. In these cells, substantial resistance to challenge with an M-tropic but not a T-tropic HIV viral strain was observed, demonstrating specificity in downregulating the CCR5 coreceptor. The VA1-CCR5 ribozyme chimeras described in this study should prove useful in both studies of CCR5 receptor function and therapeutic intervention of monocytotropic HIV-1 infection. The VA1 vector described in this study is well suited for the stable cytoplasmic expression of other ribozyme constructs as well.